Novel therapeutic applications of nitric oxide donors in cancer: roles in chemo- and immunosensitization to apoptosis and inhibition of metastases.
The treatment of primary tumors results in an initial response to approved conventional therapeutics. However, recurrences and malignancies develop as a result of tumors' acquisition of anti-apoptotic mechanisms of resistance. Hence, there is an urgent need of novel therapeutics that can reverse resistance. One approach of interest is the inhibition of cell survival and anti-apoptotic pathways by sensitizing agents that can render resistant tumor cells sensitive to respond to various cytotoxic therapies. We have found that nitric oxide donors, similar to DETANONOate, inhibit cell survival anti-apoptotic pathways, such as the constitutively activated NF-kappaB and sensitize drug-resistant tumor cells to apoptosis by both chemotherapy and immunotherapy. Sensitization by DETANONOate was shown to inhibit the transcription repressor Yin Yang1 (YY1) shown to regulate resistance to both Fas ligand and TRAIL. In addition, DETANONOate-induced inhibition of NF-kappaB results downstream in the inhibition of several anti-apoptotic gene products, thus facilitating the activation of the apoptotic pathways with both chemotherapy and immunotherapy. In addition, DETANONOate induces the expression of the metastatic tumor suppressor gene product, Raf-1 Kinase Inhibitor Protein (RKIP), which inhibits the survival pathways induced by NF-kappaB and Raf-1/MEK which also contributes to the sensitizing activity. This indicates a novel finding that RKIP may also play an important role in the prevention of metastasis. Inhibition of NF-kappaB activation by DETANONOate results downstream in the inhibition of the RKIP transcription repressor Snail, resulting in upregulation of RKIP. Inhibition of Snail results in downstream inhibition of the metastatic cascade initiated by the epithelial-mesenchymal transition (EMT). Thus, nitric oxide donors have the dual functions of both sensitizing tumor cells to chemotherapy and immunotherapy and are also involved in the regulation and inhibition of metastasis.